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ABSTRACT. Genotype and nitrogen application are important 
determinants of grain yield in maize. This experiment was carried out in 
split-plot design with two factors (maize hybrids as the main factor and 
nitrogen rates as the sub factor) arranged in randomized complete block 
design (RCBD) with three replications. The maize hybrids including 
Rampur Hybrid-2, Rampur Hybrid-4 and Rampur Hybrid-6 were main 
plots, and four nitrogen rates of 0, 140,160, and 180 kg N ha–1 were sub-
plot. Results revealed that hybrids had significant effects on the days to 
50% tasselling, cob circumference, number of kernel rows per cob and 
grain yield. Similarly, nitrogen rates had significant effects on all 
parameters except on the days to 50% tasselling and silking. The highest 
values of cob length (18.31 cm), no of kernel rows per cob (13.22), no of 
kernels per cob (33.36), cob circumference (13.90 cm) was recorded from 
the plot fertilized with 180 kg N ha–1. Rampur Hybrid-2 produced the 
highest yield (6.19 t ha–1), whereas the lowest yield was found in Rampur 
Hybrid-6. Similarly, 180 kg N ha–1 produced a significantly higher yield 
(7.06 t ha–1) which was followed by 160 kg ha–1 (6.71 t ha–1), 140 kg ha–1 
(6.30 t ha–1) and the lowest yield (3.93 t ha–1) with 0 kg N ha–1. Therefore, 
among the hybrids evaluated, Rampur Hybrid-2 could be an appropriate 
hybrid variety for the cultivation at Dang district and similar conditions in 
Nepal. This study suggests that maize production can be maximized by 
cultivating Rampur Hybrid-2 with the use of 180 kg N ha–1 in the inner 
Terai region of Nepal. 
© 2021AkadeemilinePõllumajanduseSelts. | © 2021 Estonian Academic Agricultural Society. 
 
Introduction 
In terms of area and productivity, maize is Nepal's 
second most important crop after rice. In Nepal, the 
maize production area is currently 8.915 million 
hectares with a productivity of 2.50 t ha–1 (MOAD, 
2016). According to Oad et al. (2004), the biggest 
obstacles to boosting grain yield, include an insufficient 
supply of fertilizers. Among the plant nutrients, 
nitrogen (N) management is one of the most essential 
factors for increasing crop yield and profitability 
(Amanullah, 2016). N is the most yield-restraining 
nutrient in crop production worldwide Guo et al. 
(2016). Nitrogen is a major component of amino acids, 
which function as the building blocks of proteins. It is 
a vital nutrient for maize, and its role in photosynthesis 
and other biological activities such as water and 
mineral absorption, vacuole storage, and xylem trans-
port is a key determinant of grain yield (Asibi et al., 
2019). Nitrogen (N) fertilizer affects dry matter produc-
tion in maize via regulating leaf area development, leaf 
area maintenance, photosynthetic ability, and, as a 
result, yield, and grain quality (Muchow, Sinclair, 
1994). Nitrogen improves grain yield in all hybrids, 
mostly by increasing the number of kernels, which 
increases productivity (Uribelarrea et al., 2004; Khaliq 
et al., 2009). Nitrogen (N) deficit results in pale, 
yellowish-green maize plants with thin stalks. Because 
nitrogen is a mobile nutrient in plants, symptoms 
appear first on the older, lower leaves and proceed up 
the plant if the deficiency is not corrected. A V-shaped 
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yellowing appears on leaves, starting at the tip and 
moving down the midrib toward the leaf base (Sawyer, 
2004). The increase in maize grain production after 
nitrogen fertilization is mostly due to an increase in the 
number of ears per plant, total dry matter distributed to 
the grain, and average ear weighing (Nxumalo et al., 
1993). Hybrid maize varieties are more nitrogen-
responsive than local varieties of maize (Shrestha et al., 
2018b). Maize grain production and quality are affected 
by nitrogen application rate and fertilizer N source. In 
hybrid maize varieties, nitrogen fertilizer at a rate of 
150 kg ha–1 enhanced grain production and yield 
attributing factors such as the number of cobs per 
hectare and thousand-grain weight (Sharma et al., 
2019). Urea is becoming more popular because it offers 
several advantages over other forms of nitrogen 
fertilizer in terms of manufacturing, transportation, and 
marketing (Biswas, Ma, 2016). Another source of N is 
Di-ammonium phosphate. 
Crop yield is also heavily influenced by variety. To 
acquire the best yield, cultivars that are suitable to 
specific agro-ecological locations, seasons, and matu-
rity should be chosen (Adhikari et al., 2021). The 
reason for differences in grain yield and yield 
attributing traits among the maize genotypes was due to 
their variation in their genetic makeup. Prasai et al. 
(2015) reported significant differences among maize 
cultivars for grain yield and yield attributing traits. 
Dhakal et al. (2017) observed the difference in the days 
to tasseling and silking among maize genotypes. 
Shrestha et al. (2021) found that promising maize 
hybrids namely KWM-91 × KWM-93 produced the 
maximum values of grain yield (9.99 t ha–1) followed 
by KWM-93 × KWM-91 (9.63 t ha–1) and KWM-92 × 
KWM-93 (9.40 t ha–1) at Khumaltar, Lalitpur, Nepal. 
Similarly, Kandel and Shrestha (2020) found that their 
two years of field experiments showed that P3396, 
Shresta, and Rampur Hybrid 6 in 2018 and P3396, 
Shresta, and Ganga Kaveri in 2019 was promising 
maize hybrid in inner terai condition in Nepal. 
The hybrid variety with appropriate nitrogen doses is 
most important to maximize maize yield. The optimum 
N fertilizer rates and maize hybrids have not been 
determined for the newly developed hybrids in the 
district. Therefore, this study was carried out to deter-
mine the optimum nitrogen rates and maize hybrid. 
Materials and Methods 
Experimental location 
The experiment was conducted in Lamahi municipality, 
Dang district in Lumbini province of the inner Terai re-
gion of Nepal from June to September 2017. Geographi-
cally, it is located at 27.9904° N Latitude and 82.3018° E 
Longitude and has an elevation of 725 masl. The Physico-
chemical properties of the soil of the experimental site are 
given in Table 1. The meteorological data for the growing 
season of 2017 is presented in Figure 1. 
The soil analysis results showed (Table 1) the soil was 
silt loam, pH 6.67 and low in organic matter (2.1%). 
Plant materials 
The plant materials used in the experiment were 
received from National Maize Research Program, 
Rampur, Chitwan, Nepal. The details of plant materials 
are given in Table 2. These three maize hybrids are 
recommended for the Terai region of Nepal. The 
experimental location is in the Terai region of Nepal. 
These hybrids were favoured for cultivation because of 
their higher productivity by farmers. The effects of 
different rates of nitrogen on these maize hybrids were 
not evaluated in Lamahi, Dang district; therefore, these 
hybrids were selected for this study. 
 
Table 2. The details of maize hybrids used in the experiment  
S. N. Name of hybrids Parentage Type 
1 Rampur Hybrid-2 RML-4/NML-2 Single crops hybrid 
2 Rampur Hybrid-4 RML-32/RML-17 Single crops hybrid 
3 Rampur Hybrid-6 RML-4/RML-17 Single crops hybrid 
Experimental design and cultural practices 
Twelve treatments were laid out in a split-plot design 
with two factors (Hybrids as the main factor and 
nitrogen rates as the subfactor) arranged in a rando-
mized complete block design (RCBD) with three repli-
cations. The maize hybrids of Rampur Hybrid-2, 
Rampur Hybrid-4 and Rampur Hybrid-6 were main 
plots, and four nitrogen rates of 0, 140,160, and 180 kg 
N ha–1 were sub-plot. Field data were collected from the 
two middle rows of each plot leaving the outside rows 
and a distance of 25 cm at the ends of each middle row 
to serve as borders. Each plot size measured 2.4 m × 
4 m (9.6 m2) consisting of four rows of 0.60 m apart and 
4 m in length. The individual plots and replication were 
separated by 0.5 m. We tested four levels of N (0, 140, 
160 and 180 kg N ha−1) on three maize hybrids (Rampur 
Hybrid-2, Rampur Hybrid-4, and Rampur Hybrid-6). 
 
Table 1. Physico-chemical properties of the soil of the 
experimental location 
S.N. Properties Content  Category 
1 Physical properties      
Sand (%) 21.6 
 
 
Silt (%) 58.80 
 
 





Silt loam  
2 Chemical properties  
  
 
pH 6.67 Slightly Acidic  
Total Nitrogen (%) 0.10 Medium  
Available Phosphorus (P2O5 kg ha
–1)       45 Medium  
Available Potassium (K2O kg ha
–1)   190.78 Medium 
  Organic matter (%) 2.1 Low 
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The fertilizer was applied into soil rowsby hands. The 
nitrogen (N), phosphorus (P2O5), and potassium (K2O) 
were applied via Urea, Diammonium Phosphate 
(DAP), and Muriate of Potash (MOP). Half dose of the 
Nitrogen (0, 70, 80 and 90 kg N ha–1) and a full dose of 
phosphorus (60 kg P2O5 ha–1) and potassium (40 kg 
K2O ha–1) were applied at the basal dose at the time of 
seed sowing. The remaining N was applied in two 
splits; first dose (0, 35, 40, and 45 kg N ha–1) at six-leaf 
stages and second dose (0, 35, 40, and 45 kg N ha–1) at 
the ten-leaf stage. During the maize growing season, 
two manual weeding and hoeing operations were 
carried out. On 18 days after sowing, the first weeding 
was done, and 36 days later, the second weeding was 
done. Irrigation was used at three different periods of 
growth: knee-high stage, tasseling stage, and milking 
stage. Other crop management practices such as 
irrigation and pest management were carried out as per 
the recommendation of the National Maize Research 
Program (NMRP) Rampur, Chitwan, Nepal. 
Data collection and observations 
Field data were collected from the two middle rows 
of each plot leaving the outside rows and a distance of 
25 cm at the ends of each middle row to serve as 
borders. Data obtained included days to 50% silking, 
days to 50% tasseling, plant height, cob length, and cob 
circumference, ear weight, kernel rows per cob, and the 
number of kernels per row. The moisture content was 
determined on all harvested cobs in representative cobs 
(central two rows). Wile-Model 55-Grain Moisture 
Meter was used to take the reading on the moisture 
content of grain. 
The following formula (Eq.1) was used to compute 
grain yield (t ha–1) at 12% moisture content using fresh 
ear weight:  
𝐺𝑌 =
𝐹𝑊 × (100 − 𝐺𝑀𝑃) × 𝑆 × 10 000
(100 − 𝐷𝑀𝑃) × 𝑁𝑃𝐴
, (1) 
where 
GY – grain yield, kg ha–1; 
FW – fresh weight of ear in kg per plot at harvest, kg 
plot–1; 
GMP – grain moisture percentage at harvest, %; 
DMP – desired moisture percentage, i.e., 12%; 
NPA – net harvest plot area, m2; 
S – shelling coefficient, i.e., 0.8. 
 
Grain yield was converted to t ha–1 from kg ha–1. 
Data analysis 
All collected data were entered into Microsoft Excel 
2016 and analyzed by using GENSTAT (version14th 
edition; VSN International, Hemel Hempstead,UK). 
All the data collected were statistically analyzed using 
the analysis of variance (ANOVA) procedure described 
by Gomez and Gomez (1984) for Split plot design 
experiments. Separation of treatment means for the 
significant difference was performed by using the 
Fisher's least significant difference (LSD) procedure at 
0.05 probability level (Obi, 1986). 
Results and Discussion 
Effect of genotypes 
The plant height, days to 50% silking, cob length, and 
no. of kernels per row were non-significant. The plant 
height varied from 167.03 (Rampur Hybrid-4) to 
168.08 (Rampur Hybrid-6) and days to 50% silking 
varied from 61 days (Rampur Hybrid-4) to 63.17 
(Rampur Hybrid-2). The cob length differed from 
16.32 cm (Rampur Hybrid-6) to 16.49 cm (Rampur 
Hybrid-2). The number of kernels per row varied from 
29.10 (Rampur Hybrid-4) to 31.93 (Rampur Hybrid-2). 
The days to 50% tasselling, cob circumference, no. of 
kernel rows per cob and grain yield were found 
significant (Table 3). Significantly, the maximum days 
to 50% tasselling was found in Rampur Hybrid-2 
(58.67 days) and the minimum days to 50% tasselling 
(58 days) in Rampur Hybrid-6. The cob circumference 
was significantly biggest (13.61 cm) in Rampur 
Hybrid-2 and the smallest (13.09 cm) in Rampur 
Hybrid-4. The maximum no. of kernel rows per cob 
was found in Rampur Hybrid-2 (13.36) and the 
minimum no. of kernel rows per cob (13.07) in Rampur 
Hybrid-6. The maximum grain yield was found in 
Rampur Hybrid-2 (6.19 t ha–1) and Rampur Hybrid 6 
produced the minimum grain yield (5.80 t ha–1) 
(Table 4). 
 












No. of kernel 
rows per cob 
No. of kernels 
per row 
Grain yield,  
t ha–1 
Replication 2 6.04 14.08** 23.69 0.17 1.88* 0.94 0.90 0.01 
Hybrid (H) 2 4.20 7.58* 15.44 0.10 0.80 3.83 30.16 0.44 
Error (a) 4 60.21 0.66 5.23 2.46 0.25 0.64 37.09 0.11 
Nitrogen (N) 3 2462.35** 2.54 7.29 25.66** 2.95** 1.65* 56.59** 17.94** 
H × N 6 12.36 0.76 1.18 1.06* 0.05 0.88 0.65 0.006 
Error (b) 18 17.60 1.13 4.27 0.33 0.15 0.45 3.10 0.03 
Total 35         
df – degree of freedom, * statistically significant at the level of 0.05, ** statistically significant at level 0.01  
 
The above ANOVA (Table 3) showed that days to 
50% tasselling was significant with the use of geno-
type. The use of genotypes showed the non-significant 
for the plant height, days to 50% silking, cob circum- 
ference, no. of kernel rows per cob, no. of kernels per 
row and grain yield. The days to 50% tasselling, days 
to 50% silking were non-significant with the appli- 
cation of nitrogen. The no. of kernel rows per cob 
292  Ganga Paudel, Maya Bhatta, Mohan Mahato, Darbin Joshi, Jiban Shrestha 
Agraarteadus | Journal of Agricultural Science  2 ● XXXII ● 2021 289–295 
showed a significant effect with the application of 
nitrogen. The traits namely plant height, cob circum-
ference, cob length, no. of kernels per row and grain 
yield were found highly significant for plant height, cob 
circumference, no. of kernels per row and grain yield. 
The interaction (nitrogen × genotype) effect for cob 
length was found significant but non-significant for 
plant height, days to 50% tasselling, and days to 50% 
silking, cob circumference, no. of kernel rows per cob, 
no. of kernels per row and grain yield. 
 












No. of kernel 
rows per cob 





Rampur Hybrid-2 167.07 58.67a 63.17 16.49 13.61a 13.36a 31.93 6.19a 
Rampur Hybrid-4 167.03 57.08b 61.00 16.48 13.09b 12.27b 29.10 5.99b 
Rampur Hybrid-6 168.08 58.00ab 62.66 16.32 13.37ab 13.07a 31.75 5.80c 
CV% 4.64 1.41 3.67 9.56 3.78 6.24 19.69 5.54 
P value 0.93 0.02 0.16 0.959 0.02 0.05 0.51 0.04 
LSD (0.05) – 0.93 – – 0.35 0.59 – 0.18 
Nitrogen levels 
N @ 0 kg ha–1 (Control) 147.07d 58.55 63.55 14.28cd 12.60c 12.27b 27.53c 3.93d 
N @ 140 kg ha–1 161.71c 58.11 62 16.12c 13.24b 13.03a 30.71b 6.30c 
N @ 160 kg ha–1 176.08b 57.66 62.11 17.01ab 13.68a 13.07a 32.11ab 6.71b 
N @ 180 kg ha–1 184.71a 57.33 61.44 18.31a 13.90a 13.22a 33.36a 7.06a 
CV% 2.51 1.84 3.32 3.51 2.95 5.22 5.70 3.17 
P value 0.00 0.12 0.20 0.00 0.00 0.03 0.00 0.00 
LSD (0.05) 4.16 – – 0.99 0.39 0.67 1.75 0.19 
Means with the same letter in the column are not significantly different at P = 0.05 by DMRT. LSD –least significant difference, and CV –
coefficient of variance 
 
Effect of nitrogen levels 
Nitrogen levels showed no significant differences for 
days to 50% tasselling and days to 50% silking. Plant 
height, cob length, cob circumference, no. of kernel 
rows per cob, no. of kernels per row and grain yield 
were significantly affected by different levels of nitro-
gen (Table 3). The plant height (184.71 cm) was signifi-
cantly highest with the application of nitrogen level of 
180 kg N ha–1 and the lowest plant height (147.07 cm) 
was produced with the application of 0 kg N ha–1. The 
plant height significantly increased with the increase in 
the rate of nitrogen from 0 to 180 kg ha–1. Significantly 
longest cob length (18.31cm) was recorded with the 
application of a nitrogen level of 180 kg N ha–1 and the 
lowest cob length (14.28 cm) was produced with the 
application of 0 kg N ha–1. The cob length significantly 
increased with the increase in the rate of nitrogen from 
0 to 180 kg ha–1. The cob circumference (184.71 cm) 
was the biggest with the application of nitrogen level of 
180 kg N ha–1 and the smallest cob circumference 
(147.07 cm) was produced with the application of 0 kg 
N ha–1. The cob circumference significantly increased 
with the increase in the rate of nitrogen from 0 to 
180 kg ha–1. The maximum no. of kernel rows per cob 
(13.22) was recorded with the application of nitrogen 
level of 180 kg N ha–1 and the minimum no. of kernel 
rows per cob (12.27) was produced with the application 
of 0 kg N ha–1. No. of kernel rows per cob significantly 
increased with the increase in the rate of nitrogen from 
0 to 180 kg ha–1. The no. of kernels per row (33.36) was 
the maximum with the application of nitrogen level of 
180 kg N ha–1 and the minimum no. of kernels per row 
(27.53) was produced with the application of 0 kg N ha–1. 
The no. of kernels per row significantly increased with 
the increase in the rate of nitrogen from 0 to 180 kg ha–1. 
The grain yield (7.06 t ha–1) was the highest under 
nitrogen level of 180 kg N ha–1 and the lowest 
(3.93 t ha–1) was produced under 0 kg N ha–1 The grain 
yield significantly increased with the increase in the 
rate of nitrogen from 0 to 180 kg ha–1 (Table 4). 
Correlation study 
Estimates of the phenotypic correlation for traits are 
shown in Table 5. Grain yield was negatively correlated 
with days to 50% tasselling (r = –0.253) and days to 
50% silking (r = –0.291). Days to 50% tasselling were 
positively correlated with days to 50% silking 
(r = 0.73**). Grain yield was positively and signifi-
cantly correlated with plant height (r = 0.883**), cob 
length (r = 0.812**), cob circumference (r = 0.689**), 
No. of kernel rows per cob (r = 0.397*), No. of kernels 
per row (r = 0.593**).  
 
Table 5. Pearson's correlation coefficient among growth, grain 
yield and its attributing traits of maize hybrids 
Traits PH TD SD CL CC NKRPC NKR GY 
PH 1 
       
TD –0.297 1 
      
SD –0.222 0.73 
** 
1 
     
CL 0.805 
** 
–0.177 –0.214 1 
    
CC 0.659 
** 
–0.005 –0.045 0.500 
** 
1 
   
NKRPC 0.362 
* 



























PH–plant height, cm; TD– days to 50% tasselling; SD–days to 50% 
silking; CL–cob length, cm, CC–cob circumference, cm, NKRPC – 
no. of kernel row per cob, NKR– no. of kernels per row, GY– grain 
yield, t ha–1. * – significant at P <0.05, ** – significant at P <0.01 
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Discussion 
Hybrid maize is a heavy feeder with a higher 
nutritional response (Sarkar et al., 2000). Commercial 
maize hybrids demand high nitrogen levels and fertile 
soils, according to Muza et al. (2004) and Shrestha et 
al. (2018a), hybrids respond well to nitrogen fertilizer. 
The highest grain yield (7.06 tha–1) was obtained when 
the nitrogen level was 180 kg N ha–1, whereas the 
lowest grain yield (3.93 t ha–1) was obtained when the 
nitrogen level was zero kg N ha–1. Increased nitrogen 
rate from 0 to 180 kg ha-1 resulted in a considerable 
increase in grain yield (Table 4). Maize received 
increased nutrition because of nitrogen application, 
resulting in higher grain production. The increased 
grain production due to nitrogen application could be 
linked to the plant's enhanced growth. The increased 
growth resulted in a significant rise in yield parameters 
such as the number of cobs per plant, grains per cob, 
cob length and girth, and test weight, all of which 
contributed to a higher grain yield with nitrogen 
application. Sahoo and Mahapatra (2004) have also 
reported on the favourable effects of nitrogen on maize 
grain yield. The results of this experiment showed a 
positive response of various yield attributes to 
increased nitrogen fertilization, which was consistent 
with the findings of several researchers (Chillar, 
Kumar, 2006; Bindhani et al., 2007; Prodhan et al., 
2007) who found a higher green cob yield with 
increased nitrogen application. Nitrogen has a major 
effect on the crop's vegetative and reproductive growth. 
Increased nitrogen rates improved yield attributes, 
which could be related to the fact that nitrogen treat-
ment to maize plants kept the leaves greener for longer, 
allowing for more dry matter accumulation and so 
improving yield attributes (Asaduzzaman et al., 2014) 
Various hybrids differed in terms of growth, yield, 
and yield-related traits. The grain yields of the hybrids 
were different. Of all the hybrids, Rampur Hybrid-2 
(6.19 t ha–1) produced the maximum grain yield. The 
findings of Kandel et al. (2018) and Prasai et al. (2015), 
who reported considerable differences in grain yield 
between maize varieties, are supported by these data. 
Differences in days to tasselling and silking among 
maize genotypes were found by Prasai et al. (2014), 
Dhakal et al. (2017). Hussain et al. (2011) found that 
maize varieties differed in plant height. Maize geno-
types had distinct genetic makeup, resulting in variation 
in grain yields in different locations. The most impor-
tant and complex quantitative trait in maize is grain 
yield, which is affected by numerous genes. Both 
genetic and environmental factors may have contribu-
ted to the increase in maize yield under varied environ-
mental conditions. Researchers have found a lot of 
variation in maize populations, including top-crosses 
and open-pollinated cultivars (Sampoux et al., 1989). 
These findings are consistent with those of Grzesiak 
(2001), who found significant genotypic variability 
across maize genotypes grown in various locations. 
The correlation coefficient is used to measure the 
degree of relationship as well as the degree of 
interconnection between traits (Bocanski et al., 2009; 
Nagabhushan et al., 2011). Selection based on yield 
components is thought to be more successful than 
selection based solely on yield (Shamsuddin, Ali, 
1989). Plant height, ear height, and the number of 
kernel rows per ear all indicate a positive and signifi-
cant correlation with maize grain yield, according to the 
study (Sadek et al., 2006). Grain yield was negatively 
correlated with days to 50% tasselling and days to 
50%silking. Grain yield and days to blooming have a 
significant negative correlation, according to De Souza 
et al. (1997). Grain yield was positively correlated with 
plant height, cob length, cob circumference, number of 
kernel rows per cob, and number of kernels per row. 
Alvi et al. (2003) and Nzuve et al. (2014) reported 
similar findings. There was a positive correlation 
between days to 50% tasselling and days to 50% 
silking. This result is similar to the findings of Chase 
and Nanda (1967). If these traits have a strong and 
positive correlation, it means that genotypes are being 
chosen for grain yield indirectly. 
Conclusion 
Nitrogen fertilizer had profound effects on growth, 
grain yield and yield attributing traits of hybrids of 
maize. Nitrogen rate @180 kg ha–1 produced the higher 
grain yield in Rampur Hybrid-2. Therefore, the use of 
this level of nitrogen in this hybrid is beneficial to get 
the higher maize production. 
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